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© DNA fragment encoding a polypeptide having nitrile hydratase activity, a transformant containing 
the DNA fragment and a process for the production of amides using the transformant. 

© The present invention discloses the amino acid sequence and nucleotide sequence of the a- and /3-subunits 
of two types of nitrile hydratase derived from Rhodococcus rhodochrous J-l. The DNA fragment encoding nitrile 
hydratase is inserted into an expression vector and the recombinant vector is used for transformation. The 
transformant contains multiple copies of the gene and can produce much higher levels of nitrile hydratase than 
conventionally used microorganisms. 
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The present invention relates to a DNA fragment derived from Rhodococcus rhodochrous J-I and 
encoding a polypeptide having nitrile hydratase activity which hydrates nitriles to amides. The invention also 
relates to a recombinant DNA containing the above DNA fragment, and a transformant transformed with the 
recombinant DNA. The present invention further relates to a method of producing nitrile hydratase using the 
s transformant and of amides using nitrile hydratase. 

Nitrile hydratase or nitrilase is known as an enzyme that hydrates nitriles to amides. Microorganisms 
that produce nitrile hydratase include those belonging to the genus Bacillus , the genus Bacteridium, the 
genus Micrococcus and the genus Brevibacterium {See, JP-B-62-21517/1989, USP No. 4,001.081), the 
genus Corynebacterium and the genus Nocardia (See, JP-B-56-17918/1981, USP No. 4,248,968), the genus 
w Pseudomonas (See, JP-B-59-37951/1984, USP No. 4,637.982), the genus Rhodococcus , the genus Arth- 
robacter and the genus Microbacterium (See, JP-A-61 -1621 93/1 986, EP-A-0188316), and Rhodococcus 
rhodochrous (See, JP-A-2-470/1990, EP-A-0307926). 

Nitrile hydratase has been used to hydrate nitriles to amides. In the invention, microorganisms are 
engineered to contain multiple copies of a recombinant DNA encoding nitrile hydratase according to a 
is recombinant DNA technology. The recombinant produces a remarkably high level of nitrile hydratase 
compared with conventionally used microorganisms. 

The present inventors previously disclosed a DNA fragment derived from Rhodococcus sp. N-774 
(FERM BP-1936) which also encodes a polypeptide having nitrile hydratase activity (JP-A-2-1 19778/1988). 

In contrast, the present inventors utilizes a DNA fragment derived from Rhodococcus rhodochrous J-I 
20 for the production of nitrile hydratase. We isolated the gene encoding nitrile hydratase, inserted the gene 
into a suitable plasmid vector and transformed an appropriate host with the recombinant plasmid, thus 
successfully obtained the transformant producing nitrile hydratase which has high activity also on aromatic 
nitriles. 

The present invention relates to 
25 (1) a DNA tH) fragment encoding a polypeptide having nitrile hydratase activity, said polypeptide 
comprising the a {H) -subunit as defined in the Sequence Listing by SEQ ID: No. 1 and the 0 <H> -subunit as 
defined in the Sequence Listing by SEQ ID: No. 2; 

(2) a DNA (L) fragment encoding a polypeptide having nitrile hydratase activity, said polypeptide compris- 
ing the « (L) -subunit as defined in the Sequence Listing by SEQ ID: No. 3 and the 0 (L> -subunit as defined 

30 in the Sequence Listing by SEQ ID: No. 4; 

(3) the DNA (H) fragment of (1) which contains a nucleotide sequence encoding said « <H) - and & {H) - 
subunits, comprising the DNA sequence of the a {H) -subunit as defined in the Sequence Listing by SEQ 
ID: No. 5 and the DNA sequence of the £ (H) -subunit as defined in the Sequence Listing by SEQ ID: No. 
6; 

35 (4) the DNA (L) fragment of (2) which contains a nucleotide sequence encoding said a (L) - and 0 (L) -subunits, 
comprising the DNA sequence of the a (L) -subunit as defined in the Sequence Listing by SEQ ID: No. 7 
and the DNA sequence of the £ (L, subunit as defined in the Sequence Listing by SEQ ID: No. 8; 

(5) a recombinant DNA comprising the DNA (H) or the DNA (L) of (1)-(4) in a vector; 

(6) a transformant transformed with the recombinant DNA of (5); 

40 (7) a method for the production of nitrile hydratase which comprises culturing the transformant as 
described in (6) and recovering nitrile hydratase from the culture; 

(8) a method for the production of amides which comprises hydrating nitriles using nitrile hydratase as 
described in (7) to form amides; and 

(9) a method for the production of amides which comprises culturing the transformant as described in 
45 (6), and hydrating nitriles using the resultant culture, isolated bacterial ceils, treated matter thereof, or a 

fixed material of them, to form amides. 
The present invention is described in detail as follows. 
The present invention is carried out by the steps (1 )-(8): 

so (1) Isolation and Purification of Nitrile Hydratase and Partial Amino Acid Sequencing of Nitrile Hydratase 

Two types of nitrile hydratase (designated as H type and L type, respectively) are isolated and purified 
from Rhodococcus rhodochrous J-I (FERM BP-1478) and the both enzymes are separated into a and p 
subunits using HPLC. N-Terminal amino acid sequence each of the subunits is determined and shown in 
55 the Sequence Listing by SEQ ID: Nos. 9-12. 



(2) Preparation of a DNA Probe for a Nitrile Hydratase Gene 
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A DNA probe is prepared from JM105/pYUK121 (FERM BP-1937) as described in JP-A-2-119778/1990 
due to the high degree of homology in the amino acid sequence between the nitrile hydratase p subunit of 
Rhodococcus sp. N-774 described in said Japanese Patent Official Gazette and those of Rhodococcus 
rhodochrous J-I. Plasmid pYUK121 containing nitrile hydratase gene derived from Rhodococcus sp. N-774 
s is prepared from a JM105/pYUK121 culture. pYUK121 DNA is digested with Sphl and Sail. The Sphl-Sall 
fragment contains the nitrile hydratase gene (shown in the Sequence Listing by SEQ ID: No. 13) of 
Rhodococcus sp. N-774. The DNA fragment is radiolabeled. 

(3) Detection of a DNA Segment Containing a Nitrile Hydratase Gene from the Chromosome ofRhodoc- 
w occus itiodochTousiH 

Chromosomal DNA is prepared from a Rhodococcus rhodochrous J-I culture. The chromosomal DNA is 
digested with restriction enzymes and hybridized to the probe described in (2) using the Southern 
hybridization method [Southern, E.M., J. Mol. Biol. 98, 503 (1975)]. 
75 Two DNA fragments of a different length are screened. 

(4) Construction of a Recombinant Plasmid 

A recombinant plasmid is constructed by inserting the chromosomal DNA fragment as prepared in (3) 
20 into a plasmid vector. 

(5) Transformation and Screening for a Transformant Containing the Recombinant Plasmid 

Transformants are prepared using the recombinant plasmid as described in (4). The transformant 
25 containing the recombinant plasmid is selected using the probe as described in (2) according to the colony 
hybridization method [R. Bruce Wallace et. al., Nuc. Aci. Res. 9, 879 (1981)]. Additionally, the presence of 
the nitrile hydratase gene in the recombinant plasmid is confirmed using the Southern hybridization method. 
The plasmids thus selected are designated as pNHJIOH and pNHJ20L. 

30 (6) Isolation and Purification of Plasmid DNA and Construction of the Restriction Map 

Plasmid DNAs of pNHJIOH and pNHJ20L as prepared in (5) are isolated and purified. The restriction 
map of the DNAs is constructed (Fig. 1) to determine the region containing nitrile hydratase gene. 

35 (7) DNA Sequencing 

The extra segment of the inserted DNA fragment in pNHJIOH and pNHJ20L is excised using an 
appropriate restriction enzyme. The inserted DNA fragment is then used for sequencing. The nucleotide 
sequence of the DNA fragment (SEQ: ID Nos. 14/15) reveals that it contains the sequence deduced from 
40 the amino acid sequence as described in (1). 

(8) Production of Nitrile Hydratase Using the Transformant and Conversion of Nitriles to Amides 

The transformant as described in (8) is cultured. The bacterial cells are mixed with nitriles, a substrate 
45 of nitrile hydratase, and amides are produced. 

Rhodococcus rhodochrous J-I was deposited with Fermentation Research Institute, Agency of Industrial 
Science and Technology, and was assigned the accession number FERM BP-1478. A transformant 
TGI/pNHJ10H containing pNHJIOH as described in (5) and a transformant TGI/pNHJ20L containing 
pNHJ20L as described in (5) were deposited with the above and assigned the accession number FERM BP- 
50 2777 and FERM BP-2778, respectively. 

Any vectors including a plasmid vector (e.g., pAT153 t pMP9, pHC624, pKC7, etc.), a phage vector (e.g., 
Xgtll (Toyobo), Charon 4A (Amersham), etc.) may be used. Enzymes which may be used include Sphl, Sail, 
EcoRI, BamHI, Sad, and the like, which are commercially available (Takara Shuzo). Various hosts may be 
used for transformation including but not limited to E. coK JM105 and E. coH TGI. 
55 Culture media for the transformant are those ordinarily used in the art. 

Conversion of nitriles to amides is carried out using nitrile hydratase, crude nitrile hydratase. the culture 
of the transformant, the isolated bacterial cells or treated matter thereof, and the like, prepared from the 
culture of the transformant. 
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Suitable nitriles in the invention include aromatic nitriies having 4-10 carbon atoms in the aromatic 
moiety and aliphatic nitriies having 2-6 carbon atoms, which are described in the European Patent 
Publication No. 0,307,926. Typical examples of the nitriies are 4-, 3- and 2-cyanopyridines, benzonitrile, 2,6- 
difluorobenzonitrile, 2-thiophene carbonitrile, 2-furonitrile, cyanopyrazine, acrylonitrile, methacrylonitrile, 
s crotonitrile, acetonitrile and 3-hydroxypropionitrile. 

The present invention discloses the amino acid sequence and nucleotide sequence of the a- and £- 
subuntts of two types of nitrile hydratase derived from Rhodococcus rhodochrous J-L The DNA fragment 
encoding nitrile hydratase is inserted into an expression vector and the recombinant vector is used for 
transformation. The transformant contains multiple copies of the gene and can produce much higher levels 
10 of nitrile hydratase than conventionally used microorganisms. 

Fig. 1_ shows restriction maps of recombinant plasmids, pNHJIOH and pNHJ20L. 
The present invention is illustrated by the following Example. 
The following abbreviations are used in the Example. 
TE: Tris-HCI (10 mM; pH 7.8), EDTA (1 mM, pH 8.0) 

15 TNE: Tris-HCI (50 mM; pH 8.0), EDTA (1 mM, pH 8.0), NaCI (50 mM) 

STE: Tris-HCI (50 mM; pk 8.0), EDTA (5 mM, pH 8.0), Sucrose (35 mM) 

2xYT medium: 1.6% Trypton; 1 .0% Yeast extract, 0.5% NaCI 

Example 

20 

(1) Isolation and Purification of Nitrile Hydratase and Partial Amino Acid Sequencing of Nitrile Hydratase 



Rhodococcus rhodochrous J-l was cultured in a medium (3 g/i of yeast extract, 0.5 g/i of KH 2 PO*, 0.5 
g/l of K2HPO4, 0.5 g/i of MgSO**4H 2 0, 0.01 g/i of C0CI2, and 3 g/i of crotonamide, pH 7.2) at 28° C for 

25 80 hours. The bacterial cells were harvested. 50 g of the bacterial cells was disrupted and fractionated with 
ammonium sulfate. The sample was dialyzed and the dialysate was centrifuged. The supernatant was 
loaded on DEAE-Celiulofine chromatography, Phenyl-Sepharose chromatography, Sephadex G-150 
chromatography and Octyl-Sepharose chromatography. Two fractions with enzyme activity were obtained 
and dialyzed. The dialysates were loaded on a high performance liquid chromatography using a reversed 

30 phase column (Senshu Pak VP-304-1251, Senshu Kagaku), and two respective subunits (a and &) were 
obtained. N-terminal amino acid sequence of ai (H) -, j3i (H> -, ai< L> - and jSi (L) -subunits was determined using an 
Applied Biosystems model 470A protein sequencer. The amino acid sequences are shown in the Sequence 
Listing by SEQ ID: Nos. 9-12. 

35 (2) Preparation of a DNA Probe for Nitrile Hydratase Gene 



E. coli JM105 (FERM BP-1 937) ^ containing pYUK121 was cultured in 100 ml of 2xYT medium 
containing 50 ^g/ml of ampiciilin at 30° C overnight (12 hours). The bacterial cells were harvested and TNE 
was added to the cells. The cell suspension was then centrifuged. 8 ml of STE and 10 mg of lysozyme 

40 were added to the pellet. The mixture was incubated at 0°C for five minutes followed by the addition of 4 
ml of 0.25M EDTA. 2 ml of 10% SDS and 5 ml of 5M NaCI were then added to the mixture at room 
temperature. The resultant mixture was incubated at 0-4° C for three hours and then ultracentrifuged. 1/2 
volume of 30% PEG 6000 was added to the supernatant. The mixture was incubated at 0-4° C overnight (12 
hours) and centrifuged. TNE was added to the pellet to bring the volume to 7.5 ml and CsCI was then 

45 added to the suspension. The mixture was centrifuged to remove proteins. Then, 300-500 mg/ml of 
ethidium bromide was added to the supernatant. The mixture was transferred to a centrifuge tube. The tube 
was heat-sealed and then ultracentrifuged. cccDNA was extracted using a peristaltic pump. A bit more than 
equal amount of isopropyl alcohol saturated with water was added to the extract to rid of ethidium bromide. 
The sample was dialyzed against TE. About 3 ml of purified pYUK121 was obtained. 

so pYUK121 DNA was digested with Sphl and Sail, resulting in a 2.07 kb DNA fragment containing a nitrile 
hydratase gene derived from Rhodococcus sp. N-774. The fragment was radiolabeled with 32 P to produce a 
probe. The nucleotide sequence of the probe is shown in the Sequence Listing by SEQ ID: No. 13. 

(3) Preparation of a DNA Fragment Containing a Nitrile Hydratase Gene of Chromosome 



Rhodococcus rhodochrous J-l was cultured in 100 ml of a medium (10 g/i of glucose, 0.5 g/t of 
KH2PO4, 0.5 g/i of K2HPO4, 0.5 g/i of MgS04*7H 2 0, 1 g/i of yeast extract, 7.5 g/i of peptone, 0.01 g/i 
of C0CI2. 7.5 g/i of urea. 1% glycine or 0.2 ftg/mi of ampiciilin, 1 i of water, pH 7.2). The bacterial cells 
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were harvested and the pellet was washed with TNE. The pellet was then suspended in 10 ml of TE. 4 mi of 
0.25M EDTA, 10-20 mg of lysozyme, 10-20 mg of achromoprotease and 10 ml of 10xSDS were added to 
the suspension. The suspension was incubated at 37 *C for three hours. 15 ml of phenol was added to the 
suspension. The mixture was incubated at room temperature for 15 minutes and then centrifuged. The 
upper layer was removed, and 0.7 ml of 2.5M sodium acetate and diethyl ether were added to the 
supernatant. The mixture was centrifuged and the upper layer was discarded. Two volumes of ethanol were 
added to the bottom layer and DNA was removed with a glass rod. DNA was rinsed for Five minutes each 
with TE:ethanol 2:8, 1:9, and 0:10 (v/v). DNA was then resuspended in 2-4 ml of TE (37* C). 10 m* of a 
mixture of RNase A and Ti was added to the suspension and the mixture was incubated at 37° C. An equal 
amount of phenol was added to the mixture which was then centrifuged. More than equal amount of ether 
was added to the supernatant. The mixture was centrifuged again, and the upper layer was discarded and 
the bottom layer was saved. The bottom layer was dialyzed against 2 t of TE containing a small amount of 
chloroform overnight and further dialyzed against fresh TE for 3-4 hours. 4 ml of crude chromosomal DNA 
was obtained. 

10 ft I of TE, 3 ft I of reaction buffer (1 Ox) and 2 fit of Sad were added to 15 /i I of crude chromosomal 
DNA. The mixture was incubated at 37 "C for an hour and electrophoresed on an agarose gel at 60 V for 
three hours. The Southern hybridization of chromosomal DNA was carried out using the probe as described 
in (2). About 6.0 kb and 9.4 kb fragments were found to show a strong hybridization. 

15 ill of chromosomal DNA was digested with Sad and electrophoresed on an agarose gel, as 
described above. 6.0 kb and 9.4 kb DNA fragments were cut out from the gel and taken in three volumes 
each of 8M NaCIO*. After solubilization, each solution was dotted on GF/C (Whatman) filter paper (6 mm in 
diameter). Ten drops (^ 100 til) of TE containing 6M NaCIO* and then ten drops (=* 100 fit) of 95% ethanoi 
were added to the filter paper. The paper was air-dried for 3 minutes and^ placed in 0.5 ml Eppendorf tube. 
40 fit of TE was added to the tube and the whole was incubated at 47° C for 30 minutes. The tube was 
then centrifuged. About 40 pi of the supernatant was obtained which contained 6.0 kb and 9.4 kb DNA 
fragments containing a nitrile hydratase gene of chromosomal DNA. 

The method of inserting the 6.0 kb DNA fragment into a vector is described below. The same method is 
applied for the insertion of the 9.4 kb DNA fragment into a vector. 

(4) Insertion of the Chromosomal DNA Fragment into a Vector 

10 pi of TE, 3 til of reaction buffer (1 Ox) and 2 pi of Sad was added to 10 pi of pUC19. The mixture 
was incubated at 30 °C for an hour. 2 pi of 0.25M EDTA was added to the mixture to stop the reaction. 
Then, 7 til of 1m Tris-HCI (pH 9) and 3 fil of BAP (bacterial alkaline phosphatase) were added to the 
mixture. The mixture was incubated at 65° C for an hour. TE was then added to the mixture to make a total 
volume to 100 pi. The mixture was extracted 3x with an equal amount of phenol. An equal amount of ether 
was added to the extract. The bottom layer was removed and 10 til of 3IM sodium acetate and 250 pi of 
ethanol were added to the bottom layer. The mixture was incubated at -80 'C for 30 minutes, centrifuged, 
dried, and resuspended in TE. 

5 pi of pUC19 DNA thus obtained and 40 fi I of the 6.0 kb DNA fragment as described in (3) were 
mixed. 6 til of ligation buffer, 6 til of ATP (6 mg/ml) and 3 pi of T4 DNA ligase were added to the mixture. 
The mixture was incubated at 4° C overnight (12 hours) to produce the recombinant plasmid containing the 
6.0 kb DNA fragment encoding the desired enzyme in the Sacl site of pUC1 9. 

(5) Transformation and Screening of Transformants . 

E. coli TGI (Amersham) was inoculated into 10 ml of 2xYT medium and incubated at 37° C for 12 
houriT After incubation, the resultant culture was added to fresh 2xYT medium to a concentration of 1%, 
and the mixture was incubated at 37° C for two hours. The culture was centrifuged and the pellet was 
suspended in 5 ml of cold 50 mM CaCI 2 - The suspension was placed on ice for 40 minutes and then 
centrifuged. 0.25 ml of cold 50 mM CaCl 2 and 60 til of the recombinant DNA as described in (4) were 
added to the pellet. The mixture was incubated at 0°C for 40 minutes, heat-shocked at 42* C for two 
minutes, placed on ice for five minutes, and added to 10 ml of 2xYT medium. The mixture was incubated at 
37* C for 90 minutes with shaking, then centrifuged. The pellet was suspended in 1 ml of 2xYT medium, 
and two 10 til aliquots of the suspension were plated on a 2xYT agar plate containing 50 ^g/ml of 
ampicillin separately. The plate was incubated at 37° C. The colony grown on the plate was selected by the 
colony hybridization method: The colony was transferred to a nitrocellulose filter and digested. The DNA 
was fixed on the filter and hybridized to the probe as described in (2). The filter was autoradiography and 



EP 0 445 646 A2 



a recombinant colony was selected. Additionally, the presence of a nitrile hydratase gene in the transfor- 
mant was confirmed according to the Southern hybridization method. 

(6) Isolation and Purification of Recombinant Plasmid and Construction of the Restriction Map of the 
5 inserted DNA Trigments ' 

The transformant selected as described in (5) was grown in 100 ml of 2xYT medium containing 50 
/ig/ml of ampicillin at 37* C overnight (12 hours). The bacterial cells were harvested and TNE was added to 
the cells. The cells were collected again by centrifugation, and 8 ml of STE and 10 mg of lysozyme were 

w added to the cells. The mixture was incubated at 0* C for five minutes. 4 ml of 0.25M EDTA, 2 ml of 10% 
SDS (at room temperature) and 5 ml of 5M NaCI were added to the mixture. The mixture was incubated at 
0-4* C for three hours, and ultracentrifuged. 1/2 volume of 30% PEG 6000 was added to the supernatant. 
The mixture was incubated at 0-4° C overnight (12 hours) and centrifuged again. TNE was added to the 
pellet to bring the volume up to 7.5 ml. CsCI was added to the suspension to rid of proteins. Then, 300-500 

75 mg/mi of ethidium bromide was added to the supernatant and the mixture was transferred to a centrifuge 
tube. The tube was heat-sealed and ultracentrifuged. cccDNA was removed using a peristaltic pump. A bit 
more than equal amount of isopropyl alcohol saturated with water was added to cccDNA to remove ethidium 
bromide. The DNA sample was dialyzed against TE, resulting in about 3 ml of purified recombinant DNA. 
The recombinant plasmid thus obtained containing a 6.7 kb DNA fragment was designated as pNHJIOH 

20 (The recombinant plasmid containing a 9.4 kb DNA fragment was designated as pNHJ20L). 

These plasmid DNAs were digested with EcoRI, BamHI, Pstl, Saci and Sail. The restriction maps were 
constructed and are shown in Fig. 1. 

(7) DNA Sequencing 

25 

The location of a nitrile hydratase gene in the DNA fragment of pNHJIOH was determined according to 
the restriction map constructed and to the Southern hybridization method. An extra segment in pNHJIOH 
was cleaved off with Pstl and Sail: The 6.0 kb DNA fragment resulted in 1.97 kb. Similarly, an extra 
segment in pNHJ20L was cleaved off with EcoRI and Saci: The 9.4 kb DNA fragment resulted in 1.73 kb. 
30 These DNA fragments were sequenced by the Sanger method [Sanger, F„ Science 214: 1205-1210 
(1981)] using M13 phage vector. The nucleotide sequence of the 1.97 kb DNA fragment (pNHJIOH) and the 
1.73 kb DNA fragment (pNHJ20L) are shown in the Sequence Listing by SEQ ID: No. 14 and SEQ ID: No. 
15, respectively. 

The amino acid sequence deduced from the nucleotide sequence was found fully identical to the amino 
35 acid sequence as determined in (1). The sequence analysis also revealed that the DNA fragment contained 
the sequence coding for the <*- and jS-subunits. 

(8) Production of Nitrile Hydratase Using the Transformant and Conversion of Nitrites to Amides Using 
Nitrile Hydratase 

40 

TG1 /pNHJIOH and TG1/pNHJ20L were inoculated into 10 mi of 2xYT medium containing 50 /ig/ml of 
ampicillin and incubated at 30° C overnight (12 hours). 1 ml of the resultant culture was added to 100 ml of 
2xYT medium (50 pg/ml of ampicillin, 0.1 g of CoCl2*6H20/£). The mixture was incubated at 30* C for 4 
hours. IPTG was added to the mixture to a final concentration of 1 mM. The mixture was incubated at 30* C 

45 for 10 hours. After harvesting the cells, the cells were suspended in 5 ml of 0.1 M phosphate buffer (pH 
7.5). The suspensions were disrupted by sonification for 5 min and centrifuged at 12,000 xg for 30 min. The 
resulting supernatants were used for the enzyme assay. The enzyme assay was carried out in a reaction 
mixture (12 ml) containing 50 mM potassium phosphate buffer (pH 7.5), 6 mM benzonitrile and an 
appropriate amount of the enzyme. The reaction was carried out at 20 *C for 30 min and stopped by the 

so addition of 0.2 ml 1 M HCI. The amount of benzamide formed in the reaction mixture was determined by 
HPLC. As a control, the mixture obtained by the same procedure as described above but from E. coH TG1 
was used. The levels of nitrile hydratase activity in cell-free extracts of E. coii containing pNHJIOH and 
pNHJ20L were 1.75 x 10~ 3 and 6.99 x 10~ 3 units/mg, respectively, when~cuituFed in 2xYT medium in the 
presence of C0CI2 and IPTG. Benzamide was found in the reaction mixture of TG1/pNHJ10H and pNHJ20L, 

55 whereas no benzamide was found in the reaction mixture of TG1 . 
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(!) INFORMATION FOR SEQ ID NO: 1 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 203 amino acids 

(B) TYPE: Amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Peptide 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 

(B) STRAIN: J-l (FERM BP-1478) 
<ix) FEATURES 

(A) OTHER INFORMATION 
a ( H >-subunit 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 



He tSerGluHisValAsnLysTyrThrGl uTyrG 1 uA laArgThr 

2 0 2 5 3 0 

LysAlalleGluThrLeuLeuTyrGiuArgGlyLeuIleThrPro 

3 5 « 0 4 5 

AlaAlaValAspArgValValSerTyrTyrGluAsnGluIleGiy 

SO 5 S 6 0 

ProMetGlyGlyAlaLysVa lVal AiaLysSerTrpVa I AspPro 

6 5 7 0 ?5 

GluTyrArgLysTrpLeuGluGluAspAlaThrAlaAiaMetAia 

8 0 8 S 9 0 

SerLeuGlyTyrAlaGlyGiuGinAiaHisGinlleSerAlaVal 

9 5 10 0 10 5 

PheAsnAspSerGlnThrHisHisVal Val Va 1 Cy sTh r LeuCy s 

t I o >is I z 0 

SerCysTyrProTrpProValLeuGlyLeuProProAlaTrpTyr 

12 5 13 0 13 5 

LysSerMetGiuTyrArgSerArgValValAlaAspProArgGly 



s 



I 0 



1 5 
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14 0 1 4 S ISO 

ValLeuLysArgAspPheGlyPheAspI I eProAspG I uVa 1 G 1 u 

15 5 1*0 I6S 

ValArgValTrpAspSerSerSerGluIleArgTyrlleVal I le 

17 0 I 7 S 18 0 

ProGluArgProAlaGlyThrAspGlyTrpSerGluGiuGluLeu 

18 5 1 9 0 I » S 

ThrlysLeuVa I Ser ArgAspSerHe t I 1 eG I y Va 1 Ser As n A 1 a 
zoo 

LeuThrProGlnGluVal lieVal 



(2) INFORMATION FOR SRO TP NO: 2 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 229 amino acids 

(B) TYPE: Amino acid 

(C) STRANDEDNESS : 

(D) TOPOLOGY: Linear 

<ii) MOLECULE TYPE: Peptide 

(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 

(B) STRAIN: J-l (PERM BP-1478) 
(ix) FEATURES 

(A) OTHER INFORMATION 
£< H )-subunit 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2 

s to is 

MetAspGly I 1 eH i s AspTh rG 1 yG I y Me tThrG 1 yTy rG 1 y Pro 

2 0 2 5 3 0 

Val ProTyrG InLysAspGluProPhePheHisTyrGluTrpGlu 

3 5 * 0 4 5 

GlyArgThrLeuSerl 1 eLeuThrTrpMe tH i sLeuLysG 1 y I le 

SO S S 6 0 

SerTrpTrpAspLysSerArgPhePheArgGluSerHetGlyAsn 
6 5 io "» s 

G 1 u AsnTyrVa 1 AsnG 1 u 1 1 eArgAsnSerTy rTyrThrH i sTrp 
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8 0 8 S <<> 

LeuSerAlaAlaGluArgI I eLcuVa I Ala AspLys I I el leThr 

9 S 10 0 105 

GluGluGluArgLysHisArgValGlnGluI 1 eLeuG 1 uG I y A rg 

iio lis 
TyrThrAspArgLysProSerArgLysPheAsp'ProAlaGlnlle 

G luLysAla 1 1 eG I u ArgLeuH i sG I uProH i s SerLeu A 1 aLeu 

14 0 I 4 S 1 * 0 

ProGlyAlaGluProSerPheSerLeuGlyAspLys I leLysVal 

15 5 16 0 l<»5 

LysSerttetAsnProLeuGlyHisThrArgCysProLysTyrVal 

170 ! 7 S 18 0 

ArgAsnlysI leGlyGlul leVal AlaTyrH isGlyCysGlnl le 

18 5 I' 0 I 9 S 

TyrProGluSerSerSerAlaGlyLeuGlyAspAspProArgPro 

ZOO 2«5 210 

LeuTyrThrValAlaPheSerAlaGinGIuLeuTrpGlyAspAsp 

Z!5 2Z0 225 

GlyAsnGlyLysAspVal Va 1 Cy s Va I AspLeuTr pG 1 uPr oTy r 
Leu I I eSer A 1 a 



(3) INFORMATION FOR SEP ID NO; 3 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 207 amino acids 

(B) TYPE: Amino acid 

( C ) STRANDEDNESS : 

( D ) TOPOLOGY : Linear 

(ii) MOLECULE TYPE: Peptide 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 

(B) STRAIN: J-l (FERM BP-1478) 
(ix) FEATURES 

(A) OTHER INFORMATION 
a ( L )-subunit 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3 



5 10 IS 

HetThrAlallisAsnProValGlnG lyThrLeuProArgSerAsn 

20 I S 30 

GluGlulleAlaAlaArgValLysAlaMetGluAlalleLeuVal 

3 5 « 0 « * 

AspLysGlyLeuIIeSerThrAspAlalleAspHisHetSerSer 

SO S 5 * 0 

ValTyrGluAsnGluValGlyProGlnLeuGlyAlaLyslleVal 

6 5 1 0 7 5 

AlaArgAlaTrpVa 1 AspProG 1 uPheLysG 1 tiArgLeuLeuTh r 

a 0 8 5 '« 

AspAlaThrSerAlaCysArgGluMetGlyValGlyGlyMetGln 

9 5 10 0 10 5 

GlyGluGluMetValValLeuGtuAsnThrGlyThrValHisAsn 

110 I 1 5 12 0 

HetVal ValCysThrLeuCysSerCysTyrProTrpProValLeu 

12 5 13 0 135 

GlyLeuProProAsnTrpTyrLysTyrProAlaTyrArgAlaArg 

14 0 1*5 ISO 

AlaValArgAspProArgGlyVal Leu A I aG luPheGlyTyrThr 

15 5 16 0 145 

ProAspProAspValGluIIeArgI I eTrpAs pSer Ser A laG 1 u 

17 0 17 5 '80 

LeuArgTyrTrpValLeuProGinArgProAlaGlyThrGluAsn 

18 5 1*0 I * S 

PheThrGluGluG I nLeuA 1 a AspLeuVa IThrArgAspSerLeu 

ZOO Z 0 5 

I leGlyValSerValProThrThrProSerLysAla 



(4) THFOPMATTON FOR S^O TP NO: 4 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 226 amino acids 

(B) TYPE: Amino acid 

( C ) STRANDEDNES S : 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Peptide 
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(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 

(B) STRAIN: J-l (FERM BP-1478) 
(ix) FEATURES 

(A) OTHER INFORMATION 
£( L >-subunit 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4 



Me tAspGlyl 1 eH i s AspLeuG I yG i y A rg A 1 aG 1 y LeuG 1 y Pro 

2 0 2 5 3 0 

IleLysProGluSerAspGluProValPheliisSerAspTrpGIu 

3 5 4 0 4 5 

ArgSerValLeuThrHetPheProAlaMetAIaLeuAlaGiyAla 

5 0 5 5 6 0 

PheAsnLeuAspGlnPheArgGlyAlaMetGluGlnlleProPro 

6 5 7 0 7 5 

IlisAspTyrLeuThrSerGlnTyrTyrGlullisTrpMetllisAIa 

e 0 B 5 9 0 

ttetl leHisHisGlyl leGIuAlaGlyl i ePheAspSerAspG I u 

9 5 10 0 10 5 

LeuAspArgArgThrGlnTyrTyrMetAspliisProAspAspThr 

I 1 0 115 12 0 

ThrProThrArgGlnAspProGlnLeuValGluThrl leSerGln 

12 5 1 3 0 1 3 5 

Leul leThrHisGIyAIaAspTyrArgArgProThrAspThrGIu 

14 0 I 4 5 t 5 0 

AlaAlaPheAlaValGIyAspLysVallleVa I ArgSer AspA 1 a 

15 5 16 0 1 6 5 

SerProAsnThrHisThrArgArgAlaGlyTyrValArgGlyArg 
ValG lyGluVal Va I A 1 aThrH i sG I y A t aTy r Va 1 PheProAsp 

I 8 S 19 0 19 5 

ThrAsnAlaLeuGlyAlaGlyGIuSerProGluHisLeuTyrThr 

200 205 210 

VaiArgPheSerAlaThrGluLeuTrpGlyGluProAlaAlaPro 

21S 220 2 2 5 

AsnValValAsnHisi leAspValPheGluProTyrLeuLeuPro 
Ala 



s 



1 0 



t s 
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• 



(5) INFORMATION FOR SEP in WO: «i 



(A) 
(B) 
(C) 
(D) 

<ii) 

(vi) 
(A) 
(B) 

(ix) 
(A) 

(xi) 



SEQUENCE CHARACTERISTICS: 
LENGTH: 609 base pairs 
TYPE: Nucleic acid 
STRANDEDNESS: Single 
TOPOLOGY: Linear 
MOLECULE TYPE: Genomic DNA 
ORIGINAL SOURCE 

ORGANISM: Rhodococcus rhodochrous 
STRAIN: J-l (FERM BP-1478) 
FEATURES 

OTHER INFORMATION 
ar< H )-subunit 

SEQUENCE DESCRIPTION: SEQ ID NO: 5 



GTGAGCGAGCACGTCAATAAGTACACGGAGTACGAGGCACGTACC 
AAGGCGATCGAAACCTTGCTGTACGAGCGAGGGCTCATCACGCCC 
GCCGCGGTCGACCGAGTCGTTTCGTACTACGAGAACGAGATCGGC 
CCG ATGGGCGGTGCCA AGGTCGTGGCCA AGTCCTGGGTGGACCCT 
GAGTACCGCAAGTGGCTCGAAGAGGACGCGACGGCCGCGATGGCG 
TCATTGGGCTATGCCGGTGAGCAGGCACACCAAATTTCGGCGGTC 
TTCAACGACTCCCAAACGCATCACGTGGTGGTGTGCACTCTGTGT 
TCGTGCTATCCGTGGCCGGTGCTTGGTCTCCCGCCCGCCTGGTAC 
AAGAGCATGGAGTACCGGTCCCGAGTGGTAGCGGACCCTCGTGGA 
GTGCTCAAGCGCGATTTCGGTTTCGACATCCCCGATGAGGTGGAG 



i s 



3 0 



4 S 
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4 6 5 



4 8 0 



(i) 

(A) 

20 (B) 
(C) 
(D) 

25 

(ii) 
(vi) 

30 (A) 
(B) 
(ix) 

35 

(A) 

40 ( xi ) 

45 
50 



GTCAGGGTTTGGGACAGCAGCTCCGA AATCCGCTACATCGTCATC 

SIO SZS S40 

CCGGAACGGCCGGCCGGCACCGACGGTTGGTCCGAGGAGGAGCTG 
ACGAAGCTGGTGAGCCGGGACTCGATGATCGGTGTCAGTAATGCG 



SEQUENCE CHARACTERISTICS: 
LENGTH: 687 nucleic acids 
TYPE: Nucleic acid 
STRANDEDNESS : Single 
TOPOLOGY: Linear 
MOLECULE TYPE: Genomic DNA 
ORIGINAL SOURCE 

ORGANISM: Rhodococcus rhodochrous 
STRAIN: J-l (FERM BP-1478) 
FEATURES 

OTHER INFORMATION 
£< H >-subunit 

SEQUENCE DESCRIPTION: SEQ ID NO: 6 



ATGGATGGTATCCACGACACAGGCGGCATGACCGGATACGGACCG 
GTCCCCTATCAGAAGGACGAGCCCTTCTTCCACTACGAGTGGGAG 

■ OS I 2 0 I 3 S 

GGTCGGACCCTGTCAATTCTGACTTGGATGCATCTCAAGGGCATA 
TCGTGGTGGGACAAGTCGCGGTTCTTCCGGGAGTCGATGGGGAAC 
GAAAACTACGTCAACGAGATTCGCAACTCGTACTACACCCACTGG 

240 ZSS Z70 

CTGAGTGCGGCAGAACGTATCCTCGTCGCCGACAAGATCATCACC 



6 0 0 



CTCACACCGCAGGAAGTGATCGTA 



INFORMATION FOR SEP ID NO: 6 
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GAAGAACAGCGAAAGCACCGTGTGCAAGAGATCCTTGAGGGTCGG 
TACACGGACAGGAAGCCGTCGCGGAAGTTCGATCCGGCCCAGATC 
GAGAAGGCGATCGAACGGCTTCACGAGCCCCACTCCCTAGCGCTT 
CCAGGAGCGGAGCCGAGTTTCTCTCTCGGTGACAAGATCAAAGTG 
AAGAGTATGAACCCGCTGGGACACACACGGTGCCCGAAATATGTG 

SIO SZS 540 

CGGAACAAGATCGGGGAAATCGTCGCCTACCACGGCTGCCAGATC 

555 S70 585 

TATCCCGAGAGCAGCTCCGCCGGCCTCGGCGACGATCCTCGCCCG 
CTCTACACGGTCGCGTTTTCCGCCCAGGAACTGTGGGGCGACGAC 
GGAAACGGGA AAGACGTAGTGTGCGTCG ATCTCTGGGAACCGTAC 
CTGATCTCTGCG 



(7) INFORMATION FOR SEP ID NO: 7 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 621 base pairs 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Genomic DNA 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous J-l 
{FERM BP-1478) 

(ix) FEATURES 

(A) OTHER INFORMATION 
a ( L )-subunit 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7 
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ATGACCGCCCACAATCCCGTCCAGGGCACGTTGCCACGATCGAAC 
GAGGAGATCGCCGCACGCGTGAAGGCCATGGAGGCCATCCTCGTC 

I 0 S 12 0 I 3 S 

GACAAGGGCCTGATCTCCACCGACGCCATCGACCACATGTCCTCG 

ISO I 6 S 180 

GTCTACGAGAACGAGGTCGGTCCTCAACTCGGCGCCAAGATCGTC 

I 9 S Z I 0 Z 2 S 

GCCCGCGCCTGGGTCGATCCCGAGTTCAAGCAGCGCCTGCTCACC 

Z40 2 S S 270 

GACGCCACCAGCGCCTGCCGTGAAATGGGCGTCGGCGGCATGCAG 

Z 8 S 300 3IS 

GGCGAAGAAATGGTCGTGCTGGAAAACACCGGCACGGTCCACAAC 
ATGGTCGTATGTACCTTGTGCTCGTGCTATCCGTGGCCGGTTCTC 
GGCCTGCCACCCAACTGGTACAAGTACCCCGCCTACCGCGCCCGC 

no «3S <so 

GCTGTCCGCGACCCCCGAGGTGTGCTGGCCGAATTCGGATATACC 

4 fr S 480 "5 

CCCGACCCTGACGTCGAGATCCGGATATGGGACTCGAGTGCCGAA 

S10 S 2 S S 4 0 

CTTCGCTACTGGGTCCTGCCGCAACGCCCAGCCGGCACCGAGAAC 
TTCACCGAAGAACAACTCGCCGACCTCGTCACCCGCGACTCGCTC 

fa 0 0 & I 5 

ATCGGCGTATCCGTCCCCACCACACCCAGCAAGGCC 



(8) INFORMATION FOR SEP ID NO; 8 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 678 base pairs 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Genomic DNA 
(vi) ORIGINAL SOURCE 
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(A) ORGANISM: Rhodococcus rhodochrous 

(B) STRAIN: J-l (PERM BP-1478) 
(ix) FEATURES 

(A) OTHER INFORMATION 
0 (L) -subunit 
<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8 



ATGGATCGAATCCACGACCTCGGTGGCCGCGCCGGCCTGGGTCCG 

ATCAAGCCCGAATCCGATGAACCTGTTTTCCATTCCGATTGGGAG 
CGGTCGGTTTTGACGATGTTCCCGGCGATGGCGCTGGCCGGCGCG 

TTCAATCTCGACCAGTTCCGGGGCGCGATGGAGCAGATCCCCCCG 

CACGACTACCTGACCTCGCAATACTACGAGCACTGGATGCACGCG 

ATGATCCACCACGGCATCGAGGCGGGCATCTTCGATTCCGACGAA 

CTCGACCGCCGCACCCAGTACTACATGGACCATCCGGACGACACG 

ACCCCCACGCGGCAGGATCCGCAACTGGTGGAGACGATCTCGCAA 

CTGATCACCCACGGAGCCGATTACCGACGCCCGACCGACACCGAG 

420 435 4 5 0 

GCCGCATTCGCCGTAGGCGACAAAGTCATCGTGCGGTCGGACGCC 
TCACCGAACACCCACACCCGCCGCGCCGGATACGTCCGCGGTCGT 
GTCGGCGAAGTCGTGGCGACCCACGGCGCGTATGTCTTTCCGGAC 
ACCAACGCACTCGGCGCCGGCGAAAGCCCCGAACACCTGTACACC 
GTGCGGTTCTCGGCGACCGAGTTGTGGGGTG A ACCTGCCGCCCCG 
AACGTCGTCAATCACATCGACGTGTTCGAACCGTATCTGCTACCG 
GCC 

(9) INFORMATION FOR SEP ID NO: 9 



i s 



3 0 



4 S 
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(i) 



SEQUENCE CHARACTERISTICS: 



10 



15 



20 



25 



30 



35 



40 



45 



50 



(A) LENGTH: 26 amino acids 

(B) TYPE: Amino acid 

(C) STRANDEDNESS : 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Peptide 

(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 

(B) STRAIN: J-l (PERM BP-1478) 
(ix) FEATURES 

(A) OTHER INFORMATION 
a (H, -subunit : 

(xi) SEQUENCE DESCRIPTION; SEQ ID NO: 9 

5 tO 15 

Ser-Gla-His-Val-Asn-Lys-Tyr-Thr-Glu-Tyr-Glu-Aia-Arg-Thr-Lys 

20 25 

Ala-Ile-Glu-Thr-Leu-Leu-Tyr-Glu-Arg-Gly-Leu 

(10) INFORMATION FOR SEP ID NO; 10 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 amino acids 

(B) TYPE: Amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Peptide 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 
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10 



15 



20 



30 



35 



40 



45 



50 



(B) STRAIN: J-l (PERM BP-1478) 
(ix) FEATURES 

(A) OTHER INFORMATION 
^ H >-subunit: p x lB) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10 

5 io is 

Met-Asp-Gly-Ile-His-Asp-Thr-GlyGly-Met-Thr-Giy-Tyr-Gly-Pro 

2 0 25 

Va l-Pro-Ty r-G 1 n-Ly s-Asp-G 1 u-Pro-Phe-Phe-Hi s-Ty r-G 1 u 



(11) INFORMATION FOR SEP ID NO; 11 
25 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: Amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: Linear 
(ii) MOLECULE TYPE: Peptide 
(vi) ORIGINAL SOURCE 

( A ) ORGANI SM : Rhodococcus r hodochr ous 

(B) STRAIN: J-l (FERM BP-1478) 
(ix) FEATURES 

(A) OTHER INFORMATION 
<*{ L) -subunit: a x (L) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11 



55 
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(12) INFORMATION FOR SEP ID NO; 12 



(i) 

(A) 
(B) 
(C) 
(D) 

(ii) 

(vi) 
(A) 
(B) 

(ix) 
(A) 

(xi) 



SEQUENCE CHARACTERISTICS: 
LENGTH: 19 amino acids 
TYPE: Amino acid 
STRANDEDNE S S : 
TOPOLOGY: Linear 
MOLECULE TYPE: Peptide 
ORIGINAL SOURCE 

ORGANISM: Rhodococcus rhodochrous 
STRAIN: J-l (FERM BP-1478) 
FEATURES 

OTHER INFORMATION 
^(^-subunit: p^W 

SEQUENCE DESCRIPTION: SEQ ID NO: 12 



Met-Asp-Cly-ile-His-Asp-Leu-Cly-Gly-Arg-AIa-?-Leu-?-Pro 
!le-Lys-Pro-Glu 



I 0 



1 s 



O 3 ) INFORMATION FOR SEP ID NO: 13 



SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 2070 base pairs 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Genomic DNA 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus sp. 

(B) STRAIN: N-774 (FERM BP-1936) 
(ix) FEATURES 

from nucleotide No. 675 to 1 295: SUbunit a 
from nucleotide No. 1225 to 1960: subunit /? 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13 



SphI 

GCATGCTTTCCACATCTGGAACGTGATCGCCACGGACGGTGGTG 

.50 

CCTACCAGATGTTGGACGGCAACGGATACGGCATGAACGCCGAAG 

.10 0 

GTTTGTACGATCCGGAACTGATGGCACACTTTGCTTCTCGACGCA 

.ISO 

TTCAGCACGCCGACGCTCTGTCCGAAACCGTCAAACTGGTGGCCC 

.200 

TGACCGGCCACCACGGCATCACCACCCTCGGCGGCGCGAGCTACG 

.250 

gcaaagcccggaacctcgtaccgcttgcccgcgccgcctacgaca 
ctgccttgagacaattcgacgtcctggtgatgccaacgctgccct 
acgtcgcatccgaat'tgccggcgaa'ggacgtagat'cgtgcaacct 
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tcatcaccaaggctctcgggatgatcgccaacacggcaccattcg 
acgtgaccggacatccgtccctgtccgttccggccggcctggtga 
acggggttcc'ggtcggaatg'atgatcaccggcagacactt'cgacg 

.soo Hindi! 

atgcgacagtccttcgtgtcggacgcgcattcgaaaagcttcgcg 

.550 

gccggtttccgacgccggccgaacgcgcctccaactctgcaccac 
aactc'agccccgcctagtcctgacg'cactgtcagacaacaaattc 
caccgattcacacatgatcagcccacataagaaaaggtgaaccag 

.700 

atgtcagtaacgatcgaccacacaacggagaacgccgcaccggcc 

MetSerValThrlleAspHisThrThrGiuAsnAlaAlaProAla 

Subunita . .750 

CAGGCGGCGGTCTCCGACCGGGCGTGGGCACTGTTCCGCGCACTC 
GlnAlaAlaValSerAspArgAlaTrpAlaLeuPheArgAlaLeu 

Kpn I .soo 
GACGGTAAGGGATTGGTACCCGACGGTTACGTCGAGGGATGGAAG 
AspGlyLysGlyLeuValProAspGIyTyrValGIuGlyTrpLys 

.850 

AAGACCTCCGAGGAGGACTTCAGTCCAAGGCGCGGAGCGGAATTG 
LysThrSerGluGluAspPheSerProArgArgGlyAUGluLeu 

Pvu H 

GTAGCGCGCGCATGGACCGACCCCGAGTTCCGGCAGCTGCTTCTC 
ValAiaArgAlaTrpThrAspProGluPheArgGlnLeuLeuLeu 
boo K p n I 

ACCGACGGTACCGCCGCAGTTGCCCAGTACGG ATACCTGGGCCCC 
ThrAspGlyThrAlaAlaValAlaGlnTyrGlyTyrLeuGlyPro 

CAGGCGGCCTACATCGTGGCAGTCGAAGACACCCCGACACTCAAG 
GlnAlaAlaTyrl I e Va 1 A 1 aVa 1 G 1 u As pTh r P r oTh r Le uLy s 

AACGTGATCGTGTGCTCGCTGTGTTCATGCACCGCGTGGCCCATC 
AsnValUeValCysSerLeuCysSerCysThrAlaTrpProIle 

CTCGGTCTGCCACCCACCTGGTACAAGAGCTTCGAATACCGTGCG 
LeuGlyLeuProProThrTrpTyrLysSerPheGluTyrArgAla 
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CGCGTGGTCCGCGAACCACGGAAGGTTCTCTCCGAGATGGGAACC 
ArgValValArgGluProArgLysValLeuSerGluMetGlyThr 

GAGATCGCGTCGGACATCGAGATTCGCGTCTACGACACCACCGCC 
Glul IeAIaSerAspl leGluI leArgValTyrAspThrThrAla 

GAAACTCGCTACATGGTCCTCCCGCAGCGTCCCGCCGGCACCGAA 
G 1 uThrArgTy rMe tVa 1 LeuProG 1 nArgProA )aG I yThrG I u 

PSI I . . , 250 

GGCTGGAGCCAGGAACAACTGCAGGAAATCGTCACCAAGGACTGC 
GlyTrpSerGlnGluGinLeuGlnGluIIeValThrLysAspCys 

CTGATCGGGGTTGCAATCCCGCAGGTTCCCACCGTCTGATCACCC 
Leu I leGlyValAlal I eProG 1 nVa 1 ProThrVa 1TRM 

CGACAAGAAGGAAGCACACC-ATGGATGGAGTACACGATCTTGCC 

MetAspGIyValHisAspLeuAla 
S u b u h i t 0 

.13 5 0 

GGAGTACAAGGCTTCGGCAAAGTCCCGCATACCGTCAACGCCGAC 
GlyValGUGlyPheGlyLysValProHisThrValAsnAlaAsp 

ATCGGCCCCACCTTTCACGCCGAATGGGAACACCTGCCCTACAGC 
I 1 eGlyProThrPheHisAlaG 1 uTrpGluH isLeuProTy rSer 
"so . . Sail 

CTGATGTTCGCCGGTGTCGCCGAACTCGGGGCCTTCAGCGTCGAC 
LeuMetPheAlaGIyValAIaGIuLeuGIyAlaPheSerValAsp 

GAAGTGCGATACGTCGTCGAGCGGATGGAGCCGGGC'CACTACATG 
GluValArgTyrValValGluArgMetGluProGlyHisTyrMet 

atgaccccgtactacgagagg'tacgtcatcg'gtgtcgcgac'attg 

MetThrProTyrTyrGluArgTyrVal I leG 1 yVa I A laThrLeu 

atggtc'gaaaagggaa'tcctgacgcaggacgaactc'gaaagcctt 

MetValGluLysGlylleLeuThrGlnAspGluLeuGluSerLeu 

GCGGGGGGACCGTTCCCACTGTCACGGCCCAGCGAATCCGAAGGG 
AlaGlyGlyProPheProLeuSerArgProSerGIuSerGiuGly 
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cgcccg'ccacccgtcc'acacgaccac'cttccaagtc'gggcagcga 

ArgProAlaProValG 1 uThrTh rThr PheG 1 uVa 1 G lyG InArg 

gtacgcgtacg'cgacgagtac'gttccggggcatattcgaat'gcct 

Va I ArgVa lArgAspG I uTyrVa lProG 1 yili s I i eArgMe tPro 

GCATACTGCCGTGGACGAGTGGGAACCATCTCTCATCGAACTACC 
AlaTyrCysArgGlyArgVa IGlyThr I leSerll isArgThrThr 

.18 0 0 

GAGAAGTGGCCGTTTCCCGACGCAATCGGCCACGGGCGCAACGAC 
GluLysTrpProPheProAspAlalleGlyHisGlyArgAsnAsp 

.18 5 0 

GCCGGCGAAGAACCGACGTACCACGTGAAGTTCGCCGCCGAGGAA 
AlaGlyGluGluProThrTyrHisValLysPheAlaAlaGluGlu 

.isoo Sail 
TTGTTCGGTAGCGACACCGACGGTGGAAGCGTCGTTGTCGACCTC 
LeuPheGIySerAspThrAspGlyGlySerValValValAspLeu 

TTCGAGGGTTACCTCGAGCCTGCGGCCTGATCTTCCAGCATTCCA 
PheGIuGlyTyrLeuGluProAIaAlaTRM 

.2 0 0 0 

GGCGGCGGTCACGCGATCACAGCGGTTCGTGCGACCGCCGCCTGA 

TCACCACGATTCACTCATTCGGAAGGACACTGGAAATCATGGTCG 

Sa I I 

AC 



(14) INFORMATION FOR SEP ID NO: 14 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1970 base pairs 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Genomic DNA 
(vi) ORIGINAL SOURCE 
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(A) ORGANISM: Rhodococcus rhodochrous J-l 
(PERM BP-1478) 

(ix) FEATURES 

from nucleotide No. 408 to 1094: subunit /3 (H) 
from nucleotide No. 1111 to 1719: subunit c (H) 

(xi) ' SEQUENCE DESCRIPTION: SEQ ID NO: 14 



CTGCACCTCGAACATCGAAGGGTGCGAGCCGAGAGATCGGAGACGCAGACACCCGGAGGG 
AACTTAGCCTCCCGGACCGATGCGTGTCCTGGCAACGCCTCAAAATTCAGTGCAAGCGAT 

20 

• TCAATCTTGTTACTTCCAGAACCGAATCACGTCCCCGTAGTGTGCGGGGAGAGCGCCCGA 
25 ACGCAGGGATGGTATCCATGCGCCCCTTCTCTTTTCGAACGAGAACCGGCCGGTACAGCC 
GACCCGGAGACACTGTGACGCCGTTCAACGATTGTTGTGCTGTGAAGGATTCACCCAA^ 



30 



40 



45 



SO 



caactgatakgccattccgttgccggaacatttgacaccttctccclUgagtagaagc 



CAGCTGGACCCCTCTTTGAGCCCAGCTCCGATGAAAGGAATGAGGAAATGGATGGTATCC 
35 MetAspGly! leH 

Subunit 0 (H) 

ACGACACAGGCGGCATGACCGGATACGGACCGGTCCCCTATCAGAAGGACGAGCCCTTa 
isAspThrGlyGlyMetThrGlyTyrGlyProValProTyrGlnLysAspGluProPheP 

TCCACTACGAGTGGGAGGGkGGACCCTGkAATTCTGACTTGGATGCATCTCAAGGGCA 
heliisTyrGIuTrpGluGlyArgThrLeuSerl leLeuThrTrpMetHisLeuLysGly I 

TATCGTGGTGGGACAAGTCGCGGTTCTTCCGGGAGTCGATGGGGAACGAAAACTACGK 
leSerTrpTrpAspLysSerArgPhePheArgGluSerMetGlyAsnGluAsnTyrValA 

ACGAGATTCGCAACTCGTACTACACCCACTGGCTGAGTGCGG 
snGluI leArgAsnSerTyrTyrThrHisTrpLeuSerAUAlaGluArgl leLeuValA 

CCGACAAGATCATCACCGAAGAAGAGCGAAAGCACCGTGTGCAAGAGATCCTTGAGGGTC 
UAspLys I lei 1 eThrG 1 uG I uG 1 uArgLy sH i sArgVa I C I nG 1 u I leLeuGluGlyA 
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GGTACACGGACAGGAAGCCGTCGCGCAAGTTCGATCCGGCCCAGATCCACAAGGCGATCG 
rgTyrThrAspArgLysProSerArgLysPheAspProAlaGln! 1 eG I uLysA 1 a i leG 

AACGGCTTCACGAGCCCCACTCCCTAGCGCTTCCAGGAGCGGAGCCGAGTTTCTCTCTCG 
luArgLeuHisG luProHisSerLeuAIaLeuProG 1 yAlaG I uProSerPheSerLeuG 

GTGACAAGATCAAAGTGAAGAGTATGAACCCGCTGGGACACACACGGTGCCCGAAATATG 
lyAspLysI leLysValLysSerMetAsnProLeuGlyHtsThrArgCysProLysTyrV 

TGCGGAACAAGATCGGGGAAATCGTCGCCTACCACGGCTGCCAGATCTATCCCGAGAGa 
alArgAsnLysI leGlyGluI IeValAlaTyrHisGIyCysGlnl leTyrProGluSerS 

GCTCCGCCGGCCTCGGCGACGATCCTCGCCCGCTCTACACGGTCGCGTTH 
erSerAlaGlyLeuGlyAspAspProArgProLeuTyrThtValAlaPheSerAlaGlnG 

AACTGTGGGGCGACGACGGAAACGGGAAAGACGTAGTGTGCGTCGATCK 
luLeuTrpGlyAspAspGlyAsnGlyLysAspValValCysValAspLeuTrpGluProT 

ACCTGATCTCTGCGTGAAAGGAATACGATAGTGAGCGAGCACGTCAAT^ 
yrLeuI leSerAla MetSerGluHisValAsnLysTyrThrGlu 

Subunit a (H> 

TACGAGGCACGTACCAAGGCGATCGAMCCTTGCTGTACGAGCGAGGGCTCATC 
TyrGluAlaArgThrLysAlal leGluThrLeuLeuTyrGluArgGlyLeuI leThrPro 

GCCGCGGTCGACCGAGTCGTTTCGTACTACGAGAACGAGATCGGCCCGATG 

Al aAlaVa lAspArgVa I Va I Se rTy rTy rG 1 uAsnG I u I leGlyProMetGlyGIyAla 

AAGGTCGTGGCCAAGTCCTGGGTGGACCCTGAGTACCGCAAGTGGCTCG^ 
LysValValAlaLysSerTrpValAspProGiuTyrArgLysTrpLeuGluGluAspAla 

ACGGCCGCGATGGCGTCATTGGGCTATGCCGGTGAGCAGGCACACCAM 
ThrAlaAlaMetAlaSerLeuGlyTyrAlaGlyGluGlnAlaHisGlnl leSerAlaVal 

TTCAACGACTCCCAAACGCATCACGTGGTGGTGTGCACTCTGTGTTCGTGCTATC 
PheAsnAspSerGlnThrHisHi sValVa IValCysThrLeuCysSerCysTyrProTrp 
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CCCGTGCTTGGTCTCCCGCCCGCCTGGTACAAGAGCATGGAGTACCGGTCCC 
ProValLeuGlyLeuProProAlaTrpTyrLysSerMetGluTyrArgSerArgValVal 

gcggaccctcgtggagtgctcaagcgcgatttcggtHcgacatccccga^ 

AtaAspProArgGlyValLeuLysArgAspPheGlyPheAspI 1 eProAspG 1 uVa 1G 1 u 

GTCAGGGTTTGGGACAGCAGCTCCGAAATCCGCTACATCGTCAK 
ValArgValTrpAspSerSerSerGluI leArgTyrl leVal 1 1 eProG luArgProA 1 a 

GGCACCGACGGTTGGTCCGAGGAGGAGCTGACGAAGCTGG^ 
GlyThrAspGlyTrpSerGluGluGluLeuThrLysLeuValSerArgAspSei Met I le 

GGTGTCAGTAATGCGCTCACACCGCAGGAAGTGATCGTATGAGTGAAG^ 
GlyValSerAsnAlaLeuThrProGlnGluVall leVal 

ATCGGCTCCCGGCGACTGGGACCGCCGCACCGCCCCGCGACAATGGCG^ 



CCGAGCCTTGGGAAGCAACGGCATTCGGGGTCGCCATCGCGCTTTCGGA^ 



1870 1880 1890 1900 1910 1920 

ACGAATGGGAGTTCTTCCGACAGCGTCTCATTCACTCCATCGCTGAGGCCAACGGTTGCG 



ACGCATACTACCACAGCTGCACAAAGCCGCTCGAGCCCAGCCTGGTCCAC 



(75) INFORMATION FOR SEP ID NO: IS 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1731 base pairs 

(B) TYPE: Nucleic acid 
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(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Genomic DNA 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 

(B) STRAIN: J-l (PERM BP-1478) 
(ix) FEATURES 

from nucleotide No. 171 to 848: subunit £< L ) 
from nucleotide No. 915 to 1 535: subunit c (L) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15 



GAGCTCCCTGGAGCCACTCGCGCCGACGCATCCACGCTCCGACAGCCCACGGTCCGGATC 
ACCCCTGTTCGTCGGTAACAGAACAGTAACATGTCATCAGGTCATGACGTGTTGACGCAT 
TAGACGAGGGCACATAGGGTTGGTGACTCACGGCACAA^ 

Me t AspG 1 y I 
Subun it /S ( 

TCCACGACCTCGGTGGCCGCGCCGGCCTGGGTCCGATCAAGCCCGAATCCGA 
leHisAspLeuGlyGlyArgAIaGlyLeuGlyProI 1 eLysProG 1 uSeiAspG I uProV 

TTTTCCATTCCGATTGGGAGCGGTCGGHTTGACGATGTTCCCGGCGATGGCGCTGGCCG 
alPheHisSerAspTrpGluArgSerValLeuThrMetPhePtoAlaMetAlaLeuAlaG 

GCGCGTTCAATCTCGACCAGTTCCGGGGCGCGATGGAGCAGATCCCCCCGCACGACTAC^ 
lyAlaPheAsnLeuAspGlnPheArgGlyAlaMetGluGinl leProProHisAspTyrL 

TGACCTCGCAATACTACGAGCACTGGATGCACGCGATGATCCACCACGW 
euThrSerClnTyrTyrGluHisTrpMetHisAlaMetl lellisHisGly I leGluAiaG 

GCATCTTCGATTCCGACGAACTCGACCGCCGCACCCAGTACTACATGGACCATCCGGACG 
ly! lePheAspSerAspGluLeuAspArgArgThrGlnTyrTyrMetAspHisProAspA 
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ACACGACCCCCACGCGCCACCATCCCCAACTGGTGGAGACGATCTCCCAACTGATCACCC 
spThrThrProThrArgGlnAspProGlnLeuValGluThrl leSerGlnLeu! leThrll 

ACGGAGCCGATTACCGACGCCCGACCGACACCGAGGCCGC^ 
isGlyAlaAspTyrArgArgProThrAspThrGluAlaAlaPheAlaValGlyAspLysV 

TCATCGTGCGGTCGGACGCCTCACCGAACACCCACACCCGCCGCGCCGGATACGTCCGCG 
a 1 1 leVa UrgSerAspA laSerProAsnThrHisThrArgArgA lad yTyrVal ArgG 

GTCGTGTCGGCGAAGTCGTGGCGACCCACGGCGCGTATGTCTTTCCGGACACCAA 
lyArgValGlyGluValValAUThrHisGlyAUTyrValPheProAspThrAsnAlal 

TCGGCGCCGGCGAAAGCCCCGAACACCTGTACACCGTGCGGTTCTCGGCGACCGAGTTGT 
euGlyAlaGlyGluSerProGluHisLeuTyrThrValArgPheSerAUThrGluLeuT 

GGGGTGAACCTGCCGCCCCGAACGTCGTCAATCACATCGACGTGTTCGAACCGTATCTGC 
rpGlyGluProAlaAlaProAsnValValAsnHisI leAspValPheGluProTyrLeuL 

TACCGGCCTGACCAGGTCATCCGGTCCACCCAGCGAGACGTCCCTTCACCACAGACAGAA 
euProAla 

acgagcccaccccgatgUcgcccacaatcccgtccagggcacgttgccacgatcgaacg 

MetThrAlaHisAsnProValGlnGlyThrLeuProArgSerAsnG 
Subunit a {L) 

AGGAGATCGCCGCACGCGTGAAGGCCATGGAGGCCATCckGTCGACAAGGGCCTGATCT 
luGluI leAlaAUArgValLysAlaMetGluAlal leLeuVa lAspLysG lyLeu I leS 

1030 1040 10 5 0 1060 10T0 1080 

CCACCGACGCCATCGACCACATGTCCTCGGTCTACGAGAACGAGGTCGGTCCTCAACTCG 
erThrAspAIal leAspHisMetSerSerValTyrGluAsnGluValGlyProGlnLeuG 

1080 1100 1110 1120 1130 1140 

GCGCCAAGATCGTCGCCCGCGCCTGGGTCGATCCCGAGTTCAAGCAGCGCCTGCTCACCG 
lyAlaLysI leValAlaArgAlaTrpValAspProGluPheLysGlnArgLeuLeuThrA 

ACGCCACCAGCGCCTGCCGTGAAATGGGCGTCGGCGGCATGCAGGGCGAAGAAATGGK 
spAlaThrSerAlaCysArgG luMetG lyValGlyClyMetGlnGlyG luGluMetValV 

TGCTGGAAAACACCGGCACGGTCCACAACATGGTCGTATGTACCTTGTGC^ 
alLeuGluAsnThrGlyThrValHisAsnMetValValCysThrLeuCysSerCysTyrP 

1270 1280 1290 1300 1310 1320 

CGTGGCCGGTTCTCGGCCTGCCACCCAACTGGTACAAGTACCCCGCCTACCGCGCCCGCG 
roTrpProValLeuGlyLeuProProAsnTrpTyrLysTyrProAlaTyrArgAlaArgA 

1330 1340 13S0 1360 I3T0 1380 

CTGTCCGCGACCCCCGAGGTGTGCTGGCCGAATTCGGATATACCCCCGACCCTGACGTCG 
UValArgAspProArgGIyValLeuAlaGluPheGlyTyrThrProAspProAspValG 



28 



EP 0 445 646 A2 



AGATCCGGATATGGGACTCGA^ 

1 u I leArgl ieTrpAspSerSerAIaGluLeuArgTyrTrpValLeuProGlnArgProA 

1450 1480 1470 1480 1490 1500 

CCGGCACCGAGAACTTCACCGAAGAACAACTCGCCGACCTCGTCACCCGCGACTCGCTCA 
UGlyThrGIuAsnPheThrGluGluGlnLeuAlaAspLeuValThrArgAspSerLeuI 

13 10 1520 1530 1540 1550 1580 

TCGGCGTATCCGTCCCCACCACACCCAGCAAGGCCTGACATGCCCCGACTCAACGAACAA 
leGIyVaiSerValProThrThrProSerLysAla 

CCCCACCCGGGTCTCGAAGCCAACCK 



CGAATCCCCCGCCGCTCCGGCGAGGTCGCCTTCGATCA^ 



agcattgccaccgcattgcatggccagggccgattcgU 



Claims 

1. A DNA (H) fragment encoding a polypeptide having nitrile hydratase activity, said polypeptide comprising 
the a (H) -subunit as defined in the Sequence Listing by SEQ ID: No. 1 and the j8 (H> -subunit as defined in 
the Sequence Listing by SEQ ID: No. 2. 

2. A DNA (L) fragment encoding a polypeptide having nitrile hydratase activity, said polypeptide comprising 
the a (L) -subunit as defined in the Sequence Listing by SEQ ID: No. 3 and the £ (L) -subunit as defined in 
the Sequence Listing by SEQ ID: No. 4. 

3. The DNA (H) fragment of claim 1 which contains the nucleotide sequences of the a (H) -subunit as defined 
in the Sequence Listing by SEQ ID: No. 5 and the j9 (H, -subunit as defined in the Sequence Listing by 
SEQ ID: No. 6. 

4. The DNA (L) fragment of claim 2 which contains the nucleotide sequences of the a< L) -subunit as defined 
in the Sequence Listing by SEQ ID: No. 7 and the /3 (L, -subunit as defined in the Sequence Listing by 
SEQ ID: No. 8. 

5. A recombinant DNA comprising a DNA (H> or DNA (L> of any one of claims 1-4 in a vector. 

6. A transformant transformed with the recombinant DNA of claim 5. 

7. A method of producing nitrile hydratase which comprises cuituring the transformant as claimed in claim 
6 and recovering nitrile hydratase from the culture. 

8. A method of producing amides which comprises hydrating nitriles using nitrile hydratase obtained from 
the culture of the transformant of claim 6. 

9. A method of producing amides which comprises cuituring the transformant as claimed in claim 6, and 
hydrating nitriies to amides using the resultant culture, isolated bacterial cells, treated matter thereof, or 
a fixed material thereof. 
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